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(54) FIELD BUS SYSTEM

(57) The invention relates to a field bus system for
execution of at least one application, in particular for
industrial automation, the field bus system comprising:
a first device, in particular a first sensing device, config-
ured to provide and transmit first device data, at least a
second device, in particular a second sensing device,
configured to provide and transmit second device data, a
controller for computation of output data from the device
data, at least a first target equipment controllable by the
output data, a field bus, in particular a Sercos bus, and a
scheduling unit for scheduling the execution of the ap-
plication, wherein the devices, the controller and the first
target equipment are connected via the field bus for
communication with the scheduling unit, and wherein
the scheduling unit is configured to determine impact
parameters which impact an application response time
of the bus system, and to schedule the execution con-
sidering the impact parameters.
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Description

[0001] The invention relates to a field bus system for
execution of at least one application, in particular for
industrial automation. The field bus system comprises
as participants a first device, in particular a first sensing
device, configured to provide first device data and trans-
mit (TX) the first device data, at least a second device, in
particular a second sensing device, configured toprovide
and transmit second device data, a controller configured
to compute output data from the device data, at least a
first target equipment configured to be controlled by the
output data, and a field bus, in particular a Sercos bus,
wherein the devices, the controller, and the first target
equipment are connected via the field bus for commu-
nication.
[0002] Bus systems, in particular for industrial automa-
tion, typically comprise one or more field busses inter-
connectingseveral fieldbusdevicessuchassensorsand
machining tools. For instance, in a drilling application, a
sensor may capture the depth of a drill hole as input data
fromwhich output data can be computed, which in turn is
used to control a drilling machine that drills the hole to
achieve a specific drilling depth.
[0003] However, sensors can take a non-negligible
amount of time to capture and provide their input data.
Moreover, for example, the processing of input data
captured by sensors and computing output data there-
from, for example by means of a programmable logic
controller (PLC), to control a target equipment, can take a
non-negligible amount of time. Furthermore, applying
output data to a target equipment, i.e., receiving the
output data and implementing the commands associated
with the output data by the target equipment (e.g. setting
of an actor, adjustment of a sensor etc.), can take a non-
negligible amount of time. In addition, due to the archi-
tecture of a bus system, propagation times of signals/-
data on the bus system may not be negligible. In an
application executed on a bus system, capturing of input
data, processing of the input data (e.g. preparing the
input data for transmission on a field bus), computing
output data from the input data, and applying the output
data to a target equipment is carried out during a so-
called cycle of the application, which is usually repeated
multiple times.
[0004] However, particularly for the aforementioned
reasons, the time offset between the start and end of a
cycle of an application can be significant for the applica-
tion. Moreover, such a time offset can cause a response
of a target equipment, i.e., a reaction of the target equip-
ment due to applying output data to the target equipment,
to be significantly delayed from the start of the cycle,
which can reduce the performance of the bus system.
Such a delay in the response of a target equipment from
the start of the cycle is called an application response
time of the bus system.
[0005] One possibility to improve the performance is
the usage of optimized hardware with a low cycle time.

However, this requires a high-performance bus system
with high bandwidth and leads to a high processing load,
e.g. of a central processing unit of a programmable logic
controller.
[0006] Therefore, it is an object of the invention to
provide a bus system with improved performance, in
which the drawbacks known from the prior art do not
occur.
[0007] This object is solved by a bus system with the
features of claim 1, and in particular by a scheduling unit
for scheduling the execution of the application, wherein
the scheduling unit is also connected with the devices,
the controller, and the first target equipment for commu-
nication. Therefore, the scheduling unit can be con-
nectedwith the devices, the controller, and the first target
equipment via the field bus. Alternatively or additionally,
the scheduling unit can be integrated in an engineering
system that can be connected to the controller, and in
particular to the devices and the first target equipment,
via other wire connections (typically via an ethernet con-
nection between the controller and a computer (PC)
acting as engineering station) or other means, e.g. wire-
less.However, theschedulingunit canalsobeconfigured
as a standalone product which is connected to the con-
troller, and in particular to the devices and the first target
equipment. Furthermore, the scheduling unit can be in-
tegrated in the controller and configured for communica-
tion with the controller via internal connections, wherein
the controller in turn can communicate with the devices
and the first target equipment via the field bus. It is
understood that the scheduling unit can also be a parti-
cipant of the bus system. The scheduling unit is config-
ured to determine impact parameters of the bus system
which impact an application response time of the of the
bus system, i.e. of the application executed on the bus
system, wherein the scheduling unit is further configured
to schedule the execution of the application considering
the impact parameters, in particular such that the appli-
cation response time is short. The application comprises
capturing of input data, processing of the input data (e.g.
preparing input data for transmission on a field bus),
transmittal of the input data from the devices to the
controller, computation of output data on basis of the
input data in the controller, transmittal of output data from
the controller to the first target equipment and applying
the transmitted output data to the first target equipment.
In general, data can be transmitted split or grouped into
transmission blocks or packages.
[0008] In this invention, it has been identified thatmea-
sures which reduce the application response time can
lead to improved application execution (performance), in
particular on the same hardware. By realizing suchmea-
sures, also hardware with low performance can be used
which compensates for the reduction in application re-
sponse time that canbeachievedby themeasures taken,
i.e., a similar application response time can be achieved
even though low performance hardware is used. In both
cases, the performance of the respective bus systemcan
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be improved.
[0009] Since the scheduling unit is configured to de-
termine the impact parameters and to schedule the ex-
ecution of the application considering the impact para-
meters, it can e.g. prioritize certain processes of the
application (depending on the individual impact para-
meters) to enable the application response time to be
short. A particular advantage of the invention is that the
schedulingunit canbeconfigured to consider information
relating to several, in particular all, participants of the bus
system by means of the impact parameters, which en-
ablesaparticularly optimizedexecutionof theapplication
with respect to a short application response time.
[0010] Thus, the invention enables the application re-
sponse time to be short even if low performance hard-
ware (in particular a low performance field bus and/or
PLC) is used. Moreover, the invention enables the ap-
plication response time to be short even for bus systems
with high network complexity (e.g., multiple devices on
the same field bus and/or branched field bus). Further-
more, the invention also enables usage of low perfor-
mance hardware which executes the application with a
high cycle time while achieving a similar application
response time. The invention also enables an application
to be executed on a bus system that was previously, i.e.
without the scheduling unit, not possible with this bus
system. Thus, the invention enables an improvement in
the application execution for widely varying bus systems.
[0011] In general, the field bus can also be configured
as EthernetlP, EtherCAT, Profibus, Profinet, OPCUAFX,
TSNand/or the like insteadof aSercosbus (e.g.Sercos II
or Sercos III).
[0012] The first and second devices can be field de-
vices, particularly sensors (e.g. temperature sensors,
light curtains, scanners, and the like). The first target
equipment can also be a field device and can e.g. be a
sensor, an actor or an actor comprising a sensor. The first
target equipment can be a motor controller, for example.
In particular, the first device can also be the first target
device (for instance in a scenario where the first device is
an actor comprising a sensor). It is understood that, in
principle, any device which is configured to provide and
transmit device data (e.g. the second device, a third
device etc.) can also be a respective target device. In
a further example, the first device can be the first target
equipment which is in turn configured to be controlled by
output data on basis of the second device data of the
second device. The controller can be a PLC (Program-
mable Logic Controller). The first and second devices,
the controller and the first target equipment can be con-
nected to the same field bus. Also, different field busses
(e.g. using different hardware and/or field bus protocols)
can be used to connect the devices, the controller and/or
the first target equipment.
[0013] Advantageous embodiments of the invention
are given in the subclaims, the specification and the
figures.
[0014] According to a first advantageous embodiment,

the scheduling unit can comprise a memory component
on which the impact parameters can be stored, in parti-
cular by the manufacturer. Alternatively or additionally,
the scheduling unit can be configured such that the
impact parameters can be defined, in particular during
commissioningof thebussystem.Further alternatively or
additionally, the scheduling unit can be configured to
obtain the impact parameters from the first device and/or
theat least seconddeviceand/or the controller and/or the
first target equipment and/or the field bus. Even further
alternatively or additionally, the scheduling unit can be
configured to derive the impact parameters from amath-
ematical model of the bus system and/or a static device
description in form of an .xml file, which can be stored on
the memory component, for example.
[0015] According to another advantageous embodi-
ment, the impact parameters can comprise information
about the first device (e.g. about a first device preparation
timeand/ora firstmodule sample time)and/or thesecond
device (e.g. about a second device preparation time
and/or a second module sample time) and/or the con-
troller and/or the first target equipment (e.g. an output
data applying time) and/or the field bus and/or the sche-
duling unit itself. In particular, the impact parameters can
comprise - alternativelyoradditionally - informationabout
an output data computation time (processing time) of the
controller. As described subsequently, the controller can
be configured to compute and transmit output data based
on transmitteddevicedata.Thereby, thecontroller canbe
further configured to have output data ready for transmis-
sion on the field bus after an output data computation
time. The information can include how much time the
respective participant needs for a particular action (e.g.
with regard to the controller, the duration of the output
data computation time, with regard to the first device, the
duration of the first device preparation time etc.). Further-
more, the information can include one or more depen-
dencies between participants of the bus system. For
instance, such information can describe, that the second
device data, in particular at least in part, has no impact on
the first target equipment. Moreover, such information
can describe that controlling the first target equipment is
based first on the first device data and thereafter on the
second device data. Alternatively or additionally, the im-
pact parameters can comprise information on travel
times and/or transmission speeds of the bus system,
which can be particularly advantageous in extended
bus systems where travel times can have a significant
impact on bus system performance. In particular in a bus
system with cascaded network topologies and different
transmission speeds considering travel times and/or
transmission speeds can be particular advantageous:
For instance, when two frames travers in tandem from
aslower to a fastermedia, the framesoccupy less timeon
the fastermedia. Therefore, gapswill occur which can be
used for transmission of other data that would otherwise
be transmitted later. On the other hand, when two frames
traverse in tandem from a faster to a slower media, the

5

10

15

20

25

30

35

40

45

50

55



4

5 EP 4 571 437 A1 6

framesoccupymore timeon theslowermedia,wherefore
the second frame is queued. Therefore, the second
framecanbescheduled laterwithoutaffecting the latency
respectively the response time of the application con-
nected to this data,wherein other data canbe transmitted
in themeantime instead.Thus, the schedulingunit canbe
configured to improve the performanceof the bus system
by considering travel times and/or transmission speeds.
[0016] According to another advantageous embodi-
ment, the first device can be configured to provide the
first device data ready for transmission after a first device
preparation time. The second device can be configured
to provide the second device data ready for transmission
after a second device preparation time. In particular, the
device preparation times, which are examples of impact
parameters described herein, can be different. Further-
more, the scheduling unit can be configured to determine
the device preparation times. For instance, the first de-
vice and the second device can be configured to com-
municate their respective device preparation time to the
scheduling unit.
[0017] According to another advantageous embodi-
ment, at least one of the devices can comprise a first
module configured to acquire and transmit first input
data, and at least a secondmodule configured to acquire
and transmit at least second input data. Furthermore, the
at least one of the devices can comprise an IO bus link,
configured to receive (RX) and serialize the first input
data and/or the second input data transmitted by the first
moduleand/or thesecondmodule.Therefore, theat least
one of the devices can comprise an internal bus, for
example. The IO bus link can be also configured to
transmit data to the first module and/or the second mod-
ule. Theat least oneof the devices can further comprise a
field bus interface, configured to transmit the device data
of the at least one of the devices on the field bus. Therein,
the serialized input data can formapart of thedevice data
of the at least one of the devices. The field bus interface
can be further configured to receive data from the field
bus, which data can be transmitted by the IO bus link to
the firstmodule and/or the secondmodule.Moreover, the
first module can be configured to have the first input data
ready for transmission after a first module sample time,
and the second module can be configured to have the
second input data ready for transmission after a second
module sample time. In particular, the module sample
times, which are examples of impact parameters de-
scribed herein, can be different. Furthermore, the sche-
duling unit can be configured to determine the module
sample times. For instance, the at least one of the de-
vices can be configured to communicate its respective
module sample time to the scheduling unit.
[0018] According to another advantageous embodi-
ment, the first module can comprise a first sensor and/or
the second module can comprise a second sensor,
wherein each sensor can be connected to the respective
module via sensor cables. The first module can be con-
figured to sample a first sensor signal of the first sensor to

acquire the first input data, and/or the secondmodule can
be configured to sample a second sensor signal of the
second sensor to acquire the second input data. At least
one of the sensors can comprise a probe which can be
configured to be controlled, in particular by the output
data.
[0019] According to another advantageous embodi-
ment, the controller can be configured to compute and
transmit first output data based on the transmitted first
device data and/or second output data based on the
transmitted second device data. The controller can be
further configured to have the first output data ready for
transmission on the field bus after a first output data
computation time and/or the second output data ready
for transmission on the field bus after a second output
data computation time. In particular, the output data
computation times, which are examples of impact para-
meters described herein, can be different. Furthermore,
the scheduling unit can be configured to determine the
output data computation times. For instance, the con-
troller can be configured to communicate the respective
output data computation time to the scheduling unit.
[0020] According to another advantageous embodi-
ment, the first target equipment can be configured to
be controlled by applying the transmitted first output data
and/or the transmitted second output data. The first
target equipment can be further configured to have the
first output data applied after a first output data applying
timeand/or thesecondoutput dataappliedafter a second
output data applying time. In particular, the output data
applying times, which are examples of impact para-
meters described herein, can be different. Furthermore,
the scheduling unit can be configured to determine the
output data applying times. For instance, the first target
equipment can be configured to communicate the re-
spective output data applying time to the scheduling unit.
[0021] According to another advantageous embodi-
ment, the scheduling unit can be configured to determine
the module sample times and/or the device preparation
times and/or the output data computation times and/or
the output data applying times and/or the one or more
dependencies between participants of the bus system,
and to schedule the execution of the application consid-
ering the module sample times and/or the device pre-
paration times and/or the output data computation times
and/or the output data applying times and/or the one or
more dependencies between the respective participants
of the bus system. In general, the scheduling unit can be
advantageously configured to schedule the execution of
the application considering the impact parameters in
such a way to enable a short latency respectively the
application response time to be short.
[0022] According to another advantageous embodi-
ment, the scheduling unit can be configured to schedule
the transmission of the device data on the field bus in the
order of the module sample times and/or the device
preparation times and/or the output data computation
times and/or the output data applying times. Alternatively

5

10

15

20

25

30

35

40

45

50

55



5

7 EP 4 571 437 A1 8

or additionally, the scheduling unit can be configured to
schedule the transmission of the input data to the IO bus
link in the order of the module sample times and/or the
device preparation times and/or the output data compu-
tation times and/or the output data applying times.
Further alternatively or additionally, the scheduling unit
can be configured to schedule the computation of the
output data, and in particular the transmission of the
output data on the field bus, in the order of the module
sample times and/or the device preparation times and/or
the output data computation times and/or the output data
applying times.
[0023] In ordinary bus systems, the applying of com-
puted outputs (output cycle) and the acquiring of input
data (input cycle) are synchronized, wherein the input
cycle and the output cycle are strongly linked together.
Therefore, even if all outputs are already computed, their
transmission may be artificially delayed until a time de-
termined by the aforementioned synchronization. Ac-
cording to another advantageous embodiment, the sche-
duling unit can be configured to schedule the transmis-
sion of the first output data and the second output data on
the field bus upon computation of both the first output
data and the second output data, thus independent from
the input cycle. For example, the first output data and the
second output can be transmitted at themoment they are
both calculated and ready for transmission. Thus, the
transmission upon computation makes the transmission
of the output data independent from the timing for the
acquisition of the device data and the input data, respec-
tively, what eliminates such an artificial delay as de-
scribed above. Alternatively or additionally, the schedul-
ingunit canbeconfigured to schedule the transmissionof
one of the output data on the field bus upon computation
of the one of the output data, in particular before compu-
tation of the other output data. For example, the first
output data can be transmitted at the moment the first
output data is computed and ready for transmission
although the second output data has not yet been com-
puted. Further alternatively or additionally, the schedul-
ing unit can be configured to schedule the computation of
one of the output data, e.g., the first output data, and in
particular the transmission of the one of the output data
on the field bus, even if the controller has not yet received
all device data or input data. For instance, once all output
data for controlling the first target equipment (e.g. for a
drive control-word, set position, IO output values and/or
commands to activate a sensor/touch probe of the first
target equipment) is computed, it can be already trans-
mitted on the field bus even though input/device data
required to compute output data for another, e.g. a sec-
ond target equipment, isnot yet available to thecontroller.
Therefore, it can be advantageous to determine depen-
dencies between participants of the bus system, in parti-
cular dependencies between device and/or input data
and output data. Thus, the scheduling unit can be con-
figured, e.g., to determine such dependencies from the
mathematical model of the bus system, and/or that such

impact parameters can be defined, in particular during
commissioning of the bus system. Furthermore, a user
programcode, in particular recursive user programcode,
which can be executed on the controller can be split into
individual compute blocks, e.g., one compute block for
computation of the first output data from the first device
data and one compute block for computation of the
secondoutput data from theseconddevice data,wherein
the respective computation can only start if all required
device/input data is available to the controller. Moreover,
the scheduling unit can be configured to schedule the
execution of the compute blocks considering the impact
parameters, in particular the dependencies between the
respective participants of the bus system (such as the
dependencies between device and/or input data and
output data), in order to enable the application response
time to be short. It is understood that also all these
embodiments enable the application response time to
be short.
[0024] According to another advantageous embodi-
ment, the scheduling unit can be configured to schedule
the execution of the application in a cyclically repetitive
manner, which can simplify the scheduling of the applica-
tion execution by the scheduling unit.
[0025] According to another advantageous embodi-
ment, the controller can comprise the scheduling unit,
which enables a compact configuration of the bus system
[0026] According to another advantageous embodi-
ment, the controller can be configured to sequentially
compute the output data from the device data. Thereby,
the controller processes the device data sequentially as
blocks, wherein the device data can represent a respec-
tive block and/or the individual input data of the respec-
tive device data can represent a respective block.
[0027] According to another advantageous embodi-
ment, the bus system can comprise at least a data for-
warder, wherein thedata forwarder is configured to trans-
mit the beginning of a data block, e.g., the first and/or
second device data, the first and/or second input data or
the first and/or secondoutput data, even though it hasnot
yet received the end of the respective data block. There-
by, the data forwarder can be configured towork between
two separate fieldbus levels of the bus system (e.g.
between two Sercos buses) and/or between an IO-bus
level (e.g. of the first device) and a fieldbus level (e.g. the
Sercos bus). This also enables the application response
time to be short, since it is not necessary to wait until the
end of the data block arrives at the data forwarding point
before forwarding. It is understood that this is particularly
advantageous for a data forwarder that only forwards
data and does not aggregate it.
[0028] The invention further relates to a method for
scheduling an execution of at least one application, in
particular for industrial automation, on a bus system. The
bus system comprises: a first device, in particular a first
sensing device, configured to provide and transmit first
device data, at least a second device, in particular a
second sensing device, configured to provide and trans-
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mit second device data, a controller configured to com-
puteoutputdata from thedevicedata,at least afirst target
equipment configured to be controlled by the output data,
a field bus, in particular a Sercos bus, and a scheduling
unit for scheduling the execution of the application,
wherein the devices, the controller and the first target
equipment are connected via the field bus for commu-
nication with the scheduling unit. Alternatively or addi-
tionally, the bus system can be set out as disclosed
herein. The method comprises the following steps per-
formed by the scheduling unit: determining impact para-
meters which impact an application response time of the
bus system, and scheduling the execution considering
the impact parameters.
[0029] In general, the details of the bus systemaccord-
ing to the invention are correspondingly applicable to the
method according to the invention, this applies in parti-
cular with regard to embodiments and advantages.
Furthermore, it is understood that all features mentioned
herein can be combinedwith each other, unless explicitly
stated otherwise. It is also understood that all features
mentioned herein for one direction (e.g. from the devices
to the controller to the first target equipment) can also be
applied to the other direction (e.g. from first target equip-
ment to the controller to the devices). Further, one or
more of the devices described herein (e.g. the first de-
vice, the at least second device) may each or in a com-
bination constitute a target equipment as describedhere-
in.
[0030] The invention is described below exemplarily
with reference to the figures. It schematically shows

Fig. 1 a bus system,

Fig. 2 a flow diagram illustrating data traffic on the
bus system of Fig. 1,

Fig. 3 a flow diagram illustrating data traffic on an or-
dinary bus system, and

Fig. 4 another flow diagram illustrating data traffic on
the bus system of Fig. 1.

[0031] Fig. 1 shows a bus system 11 for industrial
automation, e.g., for execution of a milling machine ap-
plication comprising milling of a hole with predefined
depth and diameter in a workpiece.
[0032] The bus system 11 comprises a first device 13
formedasafirst sensingdeviceconfigured toprovideand
transmit first device data 29, and a second device 15
formed as a second sensing device configured to provide
and transmit second device data 31. The bus system 11
further comprises a third device 33 formed as a third
sensing device configured to provide and transmit third
device data 35, and a fourth device 37 formed as a fourth
sensing device configured to provide and transmit fourth
device data 39.
[0033] Moreover, the bus system 11 comprises a con-

troller 17 for computation of output data 41, 43, 45, 47
(shown in Fig. 4) from the device data 29, 31, 35, 39.
Therefore, the controller 17 is configured to run pro-
cesses A, B, C and D (indicated by reference numerals
65, 67, 69 and 71). It is understood that there can be any
number of input data, processes and output data as well
as any permutations of these in order to compute output
data from input data. For example, one process could
also be used to compute one output data from two input
data. The bus system 11 further comprises a first target
equipment 19which in this example is formed as amilling
machine controllable by the output data 41, 43. The
controller 17 comprises a computing unit 61 configured
to run the processes A, B, C and D and a field bus
receive/transmit unit 63 as communication interface.
For example, the controller 17 can be formed as a pro-
grammable logic controller. Moreover, program execu-
tion of the application can be run on the controller 17.
[0034] Furthermore, the bus system 11 comprises a
scheduling unit 23 for scheduling the execution of the
application, wherein the controller 17 also comprises the
scheduling unit 23. The bus system 11 further comprises
a field bus 21 formed as a Sercos bus, wherein the
sensing devices 13, 15, 33, 37, the controller 17 and
the milling machine 19 are connected via the Sercos bus
21 for communication. The scheduling unit 23 is config-
ured for communication with the controller 17 via internal
connections, wherein the controller 17 in turn commu-
nicates with the sensing devices 13, 15, 33, 37 and the
milling machine 19 via the Sercos bus 21. Alternatively,
the scheduling unit 23 can be connectedwith the sensing
devices 13, 15, 33, 37, the controller 17 and the milling
machine 19 via the Sercos bus 21.
[0035] Furthermore, alternatively or additionally, the
scheduling unit 21 can be integrated in an engineering
system that can be connected to the controller 17, and in
particular to the sensing devices 13, 15, 33, 37 and the
milling machine 19, via other wire connections (typically
via an ethernet connection between the controller 17 and
a computer (PC) acting as engineering station) or other
means, e.g. wireless. However, the scheduling unit 23
can also be configured as a standalone product which is
connected to the controller 17, and in particular to the
sensing devices 13, 15, 33, 37 and the milling machine
19. Thereby, the scheduling unit 23 is configured to
determine impact parameters which impact an applica-
tion response time of the bus system 11 resp. of the
application, and to schedule the execution of the applica-
tion considering the impact parameters. Therein, the
scheduling unit 23 is configured to schedule the execu-
tion of the application in a highly repetitive cyclic manner.
It is understood that the scheduling unit 23 is configured
to schedule the execution of the application, considering
the impact parameters, in such a way that deterministic
operation of the bus system 11 can be ensured.
[0036] Therefore, the scheduling unit 23 is configured
to obtain the impact parameters from the participants of
the bus system 11, i.e., the sensing devices 13, 15, 33,
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37, the controller 17, the milling machine 19 and the
Sercos bus 21. Additionally, the scheduling unit 23 com-
prises a memory component (not shown) on which the
impact parameters are stored after their determination.
Alternatively or additionally, the impact parameters can
be stored by themanufacturer and/or the scheduling unit
23 can be configured that the impact parameters can be
defined during commissioning of the bus system 11.
Additionally, the schedulingunit 23 is configured toderive
the impact parameters from amathematical model of the
bus system 11, which is also stored on the memory
component.
[0037] Here, the impact parameters comprise informa-
tion about the sensing devices 13, 15, 33, 37, the con-
troller 17, the milling machine 19 and the Sercos bus 21.
Therein, the information includes how much time each
respective participant needs for a particular action.
Furthermore, the information includes dependencies be-
tween the sensing devices 13, 15, 33, 37 and the milling
machine 19, wherein the dependencies are derived from
themathematical model. Alternatively or additionally, the
impact parameters can comprise information on travel
times and/or transmission speeds of the bus system 11.
[0038] Moreover, the first sensing device 13 is config-
ured to provide the first device data 29 ready for trans-
mission after a first device preparation time (in Fig. 2
indicated by the start, i.e. left side, of bar TX29 which bar
illustrates the transmission of the first device data 29 on
the Sercos bus 21). The second sensing device 15 is
configured toprovide the seconddevicedata 31 ready for
transmission after a second device preparation time (in
Fig. 2 indicated by the start of bar TX31 which bar
illustrates the transmission of the second device data
31 on the Sercos bus 21). The third and fourth sensing
devices 33, 37 are configured to provide the third and
fourth device data 35, 39 ready for transmission after a
third and fourth device preparation time, respectively (in
Fig. 2 indicated by the start of the bar TX35 and TX39,
respectively, which bars illustrate the transmission of the
third device data 35 and the fourth device data 39,
respectively, on the Sercos bus 21). Furthermore, the
scheduling unit 23 is configured to determine the device
preparation times. Therefore, the sensingdevices13, 15,
33, 37 are configured to communicate their respective
devicepreparation time to theschedulingunit 23.Hereby,
the device preparation times of the sensing devices 13,
15, 33, 37, which are comprised by the impact para-
meters, are different.
[0039] In addition, with reference to Fig. 2, the first
sensingdevice13comprisesafirstmodule25configured
to acquire and transmit a first input data 49, a second
module 27 configured to acquire and transmit a second
input data 51, anda thirdmodule 57configured toacquire
and transmit a third input data 59. Furthermore, the first
sensing device 13 comprises an IO bus link 53, config-
ured to receive and serialize the first input data 49 and/or
the second input data 51 and/or the third input data 59
transmitted by the first module 25 and/or the second

module 27 and/or the third module 57 (in Fig. 2 receiving
and serialization indicated by the bars RX49, RX51 and
RX59, respectively). The IO bus link 53 can be further
configured to transmit data to themodules25, 27, 57.The
first sensing device 13 further comprises a field bus
interface 55, configured to transmit the first device data
29 on theSercos bus 21 (in Fig. 2 transmittal indicated by
the bar TX29). Thereby, the serialized input data 49, 51,
59 forms a part of the first device data 29 of the first
sensing device 13.However, it is also possible that one of
the input data 49, 51, 59, e.g., the first input data 49, is
scheduled to be sent before the other input data 49, 51,
59, e.g., the second input data 51 and the third input data
59 of the first sensing device 13 - then, the first input data
49 forms a part of the first device data 29 of the first
sensing device 13, and the second input data 51 and the
third input data 59 form a part of later first device data 29
of the first sensing device 13. The field bus interface 55
can be further configured to receive data from theSercos
bus 21, which data can be transmitted by the IO bus link
53 to the modules 25, 27, 57.
[0040] Moreover, the first module 25 is configured to
have the first input data 49 ready for transmission after a
first module sample time, the second module 27 is con-
figured to have the second input data 51 ready for trans-
mission after a secondmodule sample time, and the third
module 57 is configured to have the third input data 59
ready for transmission after a third module sample time.
Furthermore, the scheduling unit 23 is configured to
determine the module sample times of the modules 25,
27, 57. Therefore, the first sensing device 13 is config-
ured to communicate the module sample times to the
scheduling unit 23. Here, themodule sample times of the
modules 25, 27, 57, which are comprised by the impact
parameters, aredifferent. InFig. 2, the respectivemodule
sample time is indicated by the length of the bar of the
respective input data 49, 51 and 59.
[0041] Furthermore, the first module 25 comprises a
first sensor (not shown) and the second module 27
comprisesa secondsensor (not shown). Thefirstmodule
25 is configured to sample a first sensor signal of the first
sensor to acquire the first input data, and the second
module 27 is configured to sample a second sensor
signal of the second sensor to acquire the second input
data. Similarly, the third module 57 comprises a third
sensor (not shown), wherein the third module 57 is con-
figured to sample a third sensor signal of the third sensor
to acquire the third input data 59.
[0042] Here, the first sensor is configured to capture a
depth of the hole to be milled, and the second sensor is
configured to captureapressure in acompressedair pipe
(not shown). The third sensor is configured to capture a
sharpness of a tool (not shown) of themillingmachine19.
The second sensing device 15 comprises a fourth sensor
(not shown) and is configured to capture input data
related to a width of the hole to be milled by means of
the fourth sensor as a basis for the second device data
31.The third sensing device 33 comprises a fifth sensor
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(not shown) and is configured to capture input data
related to a room temperature at an area surrounding
the bus system 11 bymeans of the fifth sensor as a basis
for the third device data 35. The fourth sensing device 37
comprisesa sixth sensor (not shown) and is configured to
capture input data related to an air humidity at an area
surrounding the bus system 11 by means of the sixth
sensor as a basis for the fourth device data 39.
[0043] Furthermore, the third and fourth sensing de-
vice 33, 37 each comprise an IO bus link (not shown),
configured to receive and serialize the input data of the
third and fourth sensing device 33, 37, respectively. The
third and fourth sensing device 33, 37 each further com-
prise a field bus interface (not shown), configured to
transmit the third and fourth device data 35, 39 on the
Sercos bus 21 (in Fig. 2 transmittal indicated by the bars
TX35 and TX39, respectively). Thereby, the serialized
input data of the third and fourth sensing device 33, 37
forms a part of the third and fourth device data 35, 39,
respectively. The respective field bus interface can be
further configured to receivedata from theSercosbus21.
The respective IO bus link can be further configured to
transmit such data to the fifth and sixth sensor, respec-
tively. Also, the milling machine 19 comprises a field bus
interface (not shown), configured to receive output data
via the Sercos bus 21. The milling machine 19 further
comprises an IO bus link (not shown), configured to
transmit such output data, e.g., to a drive unit (not shown)
of the milling machine for applying the output data.
[0044] In thisexample, thecontroller 17 is configured to
receive the transmitted device data 29, 31, 35, 39 (in Fig.
2 receiving indicated by the bars RX29, RX31, RX35 and
RX39, respectively) and to compute and transmit first
output data 41 based on the transmitted first device data
29 and/or second output data 43 based on the trans-
mitted second device data 31 and/or third output data 45
based on the transmitted third device data 35 and/or
fourth output data 47 based on the transmitted fourth
device data 39. The controller 17 is further configured to
have the first output data 41 ready for transmissionafter a
first output data computation time and/or the second
output data 43 ready for transmission after a second
output data computation time and/or the third output data
45 ready for transmission after a third output data com-
putation time and/or the fourth output data 47 ready for
transmission after a fourth output data computation time.
Furthermore, the scheduling unit 23 is configured to
determine the output data computation times. Therefore,
the controller 17 is configured to communicate the re-
spective output data computation time to the scheduling
unit 23. Here, the output data computation times, which
are comprised by the impact parameters, are different.
[0045] The milling machine 19 is configured to be
controlled on basis of the captured depth and/or width
of the hole to be milled (i.e. by applying the first output
data 41 and/or the second output data 43. On the other
hand, the third and fourth device data 33, 37, relating to
the room temperature and the air humidity, respectively,

are not used to control themillingmachine 19. Moreover,
the third input data 59 is also not used to control the
millingmachine19 regarding themilling of the hole, but to
determine a point of time for renewal of the tool. The
second input data 51 is also not used to control themilling
machine19.Asalreadymentioned, thesedependencies,
i.e., how does which sensing device 13, 15, 33, 37 affect
themilling machine 19, are also comprised by the impact
parameters and derived from themathematical model by
the scheduling unit 23.
[0046] The milling machine 19 is further configured to
have the first output data 41 applied after a first output
data applying time, i.e., adjusted the tool with respect to
the depth of the hole to be milled, and/or configured to
have the second output data 43 applied after a second
output data applying time, i.e., adjusted the tool with
respect to the width of the hole to bemilled. Furthermore,
the scheduling unit 23 is configured to determine the
output data applying times of the milling machine 19.
Therefore, the milling machine 19 is configured to com-
municate thefirst andsecondoutputdataapplying time to
the scheduling unit 23. Here, the first and second output
data applying times, which are comprised by the impact
parameters, are different. Moreover, here, the milling
machine 19 is configured to adjust the tool first with
respect to the depth of the hole to be milled and then
with respect to the width of the hole to bemilled - also this
dependency is comprised by the impact parameters and
derived from the mathematical model by the scheduling
unit 23.
[0047] Thus, the scheduling unit 23 is configured to
determine themodule sample times, the device prepara-
tion times, the output data computation times, the output
data applying times and the dependencies between the
sensing devices 13, 15, 33, 37 and the milling machine
19.
[0048] Fig. 2 shows a flow diagram illustrating that the
scheduling unit 23 is configured to schedule the trans-
missionof thedevicedata29, 31, 35, 39 in theorder of the
device preparation times. Hence, the scheduling unit 23
is configured to schedule theexecutionof theapplication,
i.e., the milling of the hole, considering the device pre-
paration times of the devices 13, 15, 33, 37. As a result,
the device data 29, 31, 35, 39 is not transmitted only after
all thedevicedata29, 31, 35, 39 is ready for transmission,
what enables the application response time to be short.
Alternatively or additionally, the scheduling unit can be
configured to schedule the transmission of the device
data in the order of the module sample times and/or the
output data computation times and/or the output data
applying times. However, one potential criterion which
may be considered in defining the starting time for the
transmission on the bus system11 to avoid occurrence of
gaps without data traffic on the Sercos bus 21 in order to
minimize the time reserved for scheduled data transmis-
sion so that one amount of time can be available for other
data transmissions (e.g. acyclic data). For a Sercos bus,
as in the present case, where in general only one slot can
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be defined for the unified communication channel, and
acknowledgement telegram and measurement data tel-
egram are also in one block, this means to start the
transfer of the first device just in time so that the transfer
of the last device starts right after the data of the last
device is ready for transmission, but ensure for all other
devices that their transfer does not start before their data
is available. Of course, the scheduling unit 23 can be
configured accordingly to encompass this criterion, in
particular by knowing the device preparation times.
[0049] Additionally, the scheduling unit 23 is config-
ured to schedule the transmission of the input data 49,
51 ,59 to the IO bus link 53 in the order of the module
sample times. Hence, the scheduling unit 23 is config-
ured to schedule the execution of the application, i.e., the
milling of the hole, considering themodule sample times.
This in turn has the advantage that the input data 49,
51 ,59 is not transmitted only after all the input data 49,
51 ,59 is ready for transmission, what enables the appli-
cation response time to be short. Alternatively or addi-
tionally, the scheduling unit can be configured to sche-
dule the transmission of the input data input data 49,
51 ,59 to the IO bus link 53 in the order of the device
preparation times and/or the output data computation
times and/or the output data applying times.
[0050] The scheduling unit 23 is further configured to
schedule the computation of the output data 43, 47, 45
and 41 in the order of the device preparation times of the
corresponding device data 31, 39, 35 and 29, respec-
tively. Alternatively or additionally, the scheduling unit 23
can be configured to schedule the computation of the
output data 41, 43, 45, 47 in the order of the module
sample times and/or the output data computation times
and/or the output data applying times.
[0051] Additionally, the scheduling unit 23 is config-
ured to schedule the computation of the output data 43,
47, 45 from the device data 31, 39, 35, even not yet
having received the complete first device data 29, what
enables the application response time to be short. The
controller 17 is configured to sequentially compute the
output data 41, 43, 45, 47 from the device data 29, 31, 35,
39, i.e., the controller 17 processes the device data 29,
31, 35, 39sequentially asblocks,wherein thedevicedata
29, 31, 35, 39 can represent a respective block and/or the
input data 49, 51, 59 can represent a respective block. In
principle, the bus system 11 can comprise at least a data
forwarder, that can be configured to transmit the begin-
ning of a data block, e.g., of the first device data 29, the
first input data49or the first output data41, even though it
has not yet received the end of the data block.
[0052] In contrast, Fig. 3 shows a flow diagram illus-
trating data traffic on an ordinary bus system. As can be
seen, the input data 49, 51 ,59, as well as the device data
29, 31, 35, 39 are transmitted only after all the respective
data is ready for transmission, which leads to latencies of
the data and a high application response time. Further-
more, output data is computed from the device data 29,
31, 35, 39 only after all the device data 29, 31, 35, 39 has

been received. However, this also leads to latencies of
the data and a high application response time. Since no
impactparametersaredeterminedandconsidered, there
is of course no scheduling or prioritization of data trans-
mission and/or data computation in the sense of the
invention.
[0053] Fig. 4 shows a flow diagram illustrating that the
scheduling unit 23 is configured to schedule the trans-
mission of the first output data 41 and the second output
data 43 on the Sercos bus 21 before the transmission of
the third output data 45 and the fourth output data 47 on
the Sercos bus 21. Therefore, the scheduling unit 23 is
configured to consider the dependency that the milling
machine 19 is controlled by applying only the first output
data 41 and/or the second output data 43 by prioritizing
the transmission of the first output data 41 and second
output data 43, which enables the application response
time to be short. Moreover, the scheduling unit 23 can be
configured to schedule IO bus link of the milling machine
19 to write the transmitted output data 41, 43 before the
complete output data 41, 43, 45, 47 has been transmitted
on the Sercos bus 21. This also enables the application
response time to beshort, because theoutput data 41, 43
canbeappliedearlier. It is understood that thescheduling
unit 23 can in principle be configured to schedule any IO
bus link or field bus interface of the bus system11 towrite
transmitted output data (in particular output data pertain-
ing the participant comprising this IO bus link or field bus
interface) before the complete output data (i.e. also out-
put data that donot pertain theparticipant comprising this
IO bus link or field bus interface) has been transmitted on
the field bus 21, to enable the application response time
to be short.
[0054] Moreover, the scheduling unit 23 can be con-
figured to schedule the transmission of the output data
41, 43, 45, 47 on the Sercos bus 21 upon computation of
the respective output data 41, 43, 45, 47 - for example,
the output data 41 can be transmitted on the Sercos bus
21 at the moment it is computed and ready for transmis-
sion.
[0055] Alternatively, the scheduling unit 23 can be
configured to schedule the transmission of the output
data 41, 43, 45, 47 on the Sercos bus 21 upon computa-
tion of the complete output data 41, 43, 45, 47. For
example, the output data 41, 43, 45, 47 can be trans-
mitted at themoment they are all calculated and ready for
transmission.
[0056] As mentioned above, here, the milling machine
19 is configured to adjust the tool first with respect to the
depth of the hole to be milled (captured by the second
sensing device 15) and then with respect to the width of
the hole to bemilled (captured by the first sensing device
13). Therefore, the scheduling unit 23 canbe configured -
alternatively or additionally - to schedule the computation
of the second output data 43, and in particular the trans-
mission of the second output data 43 on the Sercos bus
21, even if the controller 17 has not yet received the first
device data 29, to consider this dependency between the
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first sensingdevice13, thesecondsensingdevice15and
the milling machine 17. This also enables the application
response time to be short.
[0057] Furthermore, as already mentioned, here, the
third and fourth device data 33, 37, relating to the room
temperature and the air humidity, respectively, as well as
the second and third input data 51, 59, are not used to
control themillingmachine 19. Therefore, the scheduling
unit 23 can be configured to consider this dependency
between the sensing devices 13, 15, 33, 37 and the
millingmachine17by -alternativelyoradditionally - being
configured to schedule the transmission of the first input
data 49 such that the first input data 49 is transmitted in a
separate data block before the second and third input
data 51, 59 is transmitted. Then, the first output data 41
canbecomputedearlier from thefirst input data49,which
enables the application response time to be short.
[0058] Moreover, as shown in Fig. 4, the second output
data applying time is longer than the first output data
applying time (the respective output data applying time is
indicated by the length of the respective "apply-output"
bar 41 or 43). Thus, it can be advantageously to prioritize
the computation of the second output data 43 and its
transmission. Therefore, the scheduling unit 23 can be
configured to consider the output data applying times by -
alternatively or additionally - being configured to sche-
dule the controller 17 to computeand transmit the second
output data43 first before computationof theother output
data 41, 45, 47, which enables the application response
time to be short. Furthermore, the scheduling unit 23 can
be configured - alternatively or additionally - to consider
the output data applying times by - alternatively or ad-
ditionally - being configured to schedule the transmission
of the first input data 49 such that the first input data 49 is
transmitted in a separate data block before the second
and third input data 51, 59 are transmitted. That is, the
first device data 29 then comprises the first input data 49,
whereas the second and third input data 51, 59 are then
comprised by first device data 29 sent later. Thus, the first
output data41canbecomputedearlier from thefirst input
data 49, which enables the application response time to
be short.
[0059] Furthermore, a user program code, in particular
recursive user program code, which can be executed on
the controller 17 can be split into individual compute
blocks, e.g., one compute block for computation of the
first output data 41 from the first device data 29, one
compute block for computation of the second output data
43 from theseconddevicedata31,onecomputeblock for
computation of the third output data 45 from the third
device data 35 andone compute block for computation of
the fourth output data 47 from the fourth device data 39,
wherein the respective computation can only start if all
device/input data required for the respective computation
is available to the controller 17.Moreover, the scheduling
unit 23 canbeconfigured to schedule theexecutionof the
compute blocks considering the impact parameters, in
particular the dependencies between the respective par-

ticipants of the bus system 11.

List of reference numerals

[0060]

11 bus system
13 first device
15 second device
17 controller
19 first target equipment
21 field bus
23 scheduling unit
25 first module
27 second module
29 first device data
31 second device data
33 third device
35 third device data
37 fourth device
39 fourth device data
41 first output data
43 second output data
45 third output data
47 fourth output data
49 first input data
51 second input data
53 IO bus link
55 field bus interface
57 third module
59 third input data
61 computing unit
63 field bus receive/transmit unit
65 process A
67 process B
69 process C
71 process D

Claims

1. A field bus system (11) for execution of at least one
application, in particular for industrial automation,
comprising:

a first device (13), in particular a first sensing
device, configured to provide and transmit first
device data (29),
at least a second device (15), in particular a
second sensing device, configured to provide
and transmit second device data (31),
a controller (17) configured to compute output
data (41, 43) from the device data (29, 31),
at least a first target equipment (19) configured
to be controlled by the output data (41, 43),
a field bus (21), as an example a Sercos bus,
and
a scheduling unit (23) for scheduling the execu-
tion of the application,
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wherein the devices (13, 15), the controller (17)
and the first target equipment (19) are con-
nected via the field bus (21) for communication
with the scheduling unit (23), and
wherein the scheduling unit (23) is configured to
determine impact parameters which impact an
application response time of the bus system
(11), and to schedule the execution considering
the impact parameters.

2. The field bus system (11) of claim 1,

wherein the scheduling unit (23) comprises a
memory component on which the impact para-
meters are stored, in particular by the manufac-
turer, and/or
wherein the scheduling unit (23) is configured
such that the impact parameters can be defined
during commissioning of the bus system (11),
and/or
wherein the scheduling unit (23) is configured to
obtain the impact parameters from the first de-
vice (13), the at least second device (15), the
controller (17), the first target equipment (19),
and/or the field bus (21), and/or
wherein the scheduling unit (23) is configured to
derive the impact parameters from a mathema-
tical model of the bus system (11).

3. The field bus system (11) of claim 1 or 2,
wherein the impact parameters comprise informa-
tion about the first device (13), the second device
(15), the controller (17), in particular about an output
data computation time of the controller (17), the first
target equipment (19), the field bus (21), and/or
information on travel times and/or transmission
speeds of the bus system (11).

4. The field bus system (11) of any one of the preceding
claims,

wherein the first device (13) is configured to
provide the first device data (29) ready for trans-
mission after a first device preparation time,
wherein the second device (15) is configured to
provide the second device data (31) ready for
transmission after a second device preparation
time,
wherein the device preparation times are differ-
ent, and
wherein the scheduling unit (23) is configured to
determine the device preparation times.

5. The field bus system (11) of any one of the preceding
claims,
wherein at least one of the devices (13, 15) com-
prises:

a first module (25) configured to acquire and
transmit first input data (49),
at least a second module (27) configured to
acquire and transmit at least second input data
(51),
an IO bus link (53), configured to receive and
serialize the first input data (49) and/or the sec-
ond input data (51) transmitted by the first mod-
ule (25) and/or the second module (27), and
a field bus interface (55), configured to transmit
the device data (29, 31) of the least one of the
devices (13, 15) on the field bus (21), wherein
the serialized input data (49, 51) form a part of
the device data (29, 31) of the at least one of the
devices (13, 15),
wherein the first module (25) is configured to
have the first input data (49) ready for transmis-
sion after a first module sample time,
wherein the secondmodule (27) is configured to
have the second input data (51) ready for trans-
mission after a second module sample time,
wherein the module sample times are different,
and
wherein the scheduling unit (23) is configured to
determine the module sample times.

6. The field bus system (11) of claim 5,
wherein the firstmodule (25) comprisesafirst sensor
and the second module (27) comprises a second
sensor, wherein the first module (25) is configured to
sample a first sensor signal of the first sensor to
acquire the first input data (49), and wherein the
second module (27) is configured to sample a sec-
ondsensor signal of thesecondsensor toacquire the
second input data (51).

7. The field bus system (11) of any one of the preceding
claims,

wherein the controller (17) is configured to com-
pute and transmit first output data (41) based on
the transmitted first device data (29) and/or
second output data (43) based on the trans-
mitted second device data (31), wherein the
controller (17) is configured to have the first
output data (41) ready for transmission after a
first output data computation time and/or the
second output data (43) ready for transmission
after a second output data computation time,
wherein the output data computation times are
different, and
wherein the scheduling unit (23) is configured to
determine the output data computation times.

8. The field bus system (11) of claim 7,

wherein the first target equipment (19) is con-
figured to be controlled by applying the trans-
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mitted first output data (41) and/or the trans-
mitted second output data (43),
wherein the first target equipment (19) is con-
figured to have the first output data (41) applied
after a first output data applying time and/or the
second output data (43) applied after a second
output data applying time,
wherein the output data applying times are dif-
ferent, and
wherein the scheduling unit (23) is configured to
determine the output data applying times.

9. The field bus system (11) of at least one of claims 4 to
8,

wherein the scheduling unit (23) is configured to
schedule the transmission of the device data
(29, 31) in the order of themodule sample times,
the device preparation times, the output data
computation times, and/or the output data ap-
plying times, and/or
wherein the scheduling unit (23) is configured to
schedule the transmission of the input data (49,
51) to the IO bus link (53) in the order of the
module sample times, the device preparation
times, theoutput datacomputation times, and/or
the output data applying times, and/or
wherein the scheduling unit (23) is configured to
schedule the computation of the output data (41,
43), and in particular the transmission of the
output data (41, 43) on the field bus (21), in
theorder of themodule sample times, thedevice
preparation times, the output data computation
times, and/or the output data applying times.

10. The field bus system (11) of claim 9,

wherein the scheduling unit (23) is configured to
schedule the transmission of the output data
(41, 43) on the field bus (21) upon computation
of all output data (41, 43), or
wherein the scheduling unit (23) is configured to
schedule the transmissionof the first output data
(41) on the field bus (21) upon computation of
the first output data (41), in particular before
computation of the second output data (43),
and/or
wherein the scheduling unit (23) is configured to
schedule the computation of the first output data
(41), and inparticular the transmissionof thefirst
output data (41) on the field bus (21), even if not
yet having received the complete second input
data (51).

11. The field bus system (11) of any one of the preceding
claims,
wherein the scheduling unit (23) is configured to
schedule the execution of the application in a cycli-

cally repetitive manner.

12. The field bus system (11) of any one of the preceding
claims,
wherein the controller (17) comprises the scheduling
unit (23).

13. The field bus system (11) of any one of the preceding
claims,
wherein the controller (17) is configured to sequen-
tially compute the output data (41, 43) from the
device data (29, 31).

14. The field bus system (11) of any one of the preceding
claims,
wherein the bus system (11) comprises at least a
data forwarder, wherein the data forwarder is con-
figured to transmit the beginning of a data block even
though it has not yet received the end of the data
block.

15. Amethod for scheduling an execution of at least one
application, in particular for industrial automation, on
a field bus system (11), the field bus system (11)
comprising:

a first device (13), in particular a first sensing
device, configured to provide and transmit first
device data (29),
at least a second device (15), in particular a
second sensing device, configured to provide
and transmit second device data (31),
a controller (17) configured to compute output
data (41, 43) from the device data (29, 31),
at least a first target equipment (19) configured
to be controlled by the output data (41, 43),
a field bus (21), in particular a Sercos bus, and
a scheduling unit (23) for scheduling the execu-
tion of the application,
wherein the devices (13, 15), the controller (17)
and the first target equipment (19) are con-
nected via the field bus (21) for communication
with the scheduling unit (23),
wherein the method comprises the following
steps performed by the scheduling unit (23):

determining impact parameters which im-
pact anapplication response timeof the bus
system (11), and
scheduling the execution considering the
impact parameters.

Amended claims in accordance with Rule 137(2)
EPC.

1. A field bus system (11) for execution of at least one
application, in particular for industrial automation,
comprising:
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a first device (13), in particular a first sensing
device, configured to provide and transmit first
device data (29),
at least a second device (15), in particular a
second sensing device, configured to provide
and transmit second device data (31),
a controller (17) configured to compute output
data (41, 43) from the device data (29, 31),
at least a first target equipment (19) configured
to be controlled by the output data (41, 43),
a field bus (21), as an example a Sercos bus,
and
a scheduling unit (23) for scheduling the execu-
tion of the application,
wherein the devices (13, 15), the controller (17)
and the first target equipment (19) are con-
nected via the field bus (21) for communication
with the scheduling unit (23), and
wherein the scheduling unit (23) is configured to
determine impact parameters which impact an
application response time of the bus system
(11), and to schedule the execution considering
the impact parameters
wherein the first device (13) is configured to
provide the first device data (29) ready for trans-
mission after a first device preparation time,
wherein the second device (15) is configured to
provide the second device data (31) ready for
transmission after a second device preparation
time,
wherein the device preparation times are differ-
ent, and
wherein the scheduling unit (23) is configured to
determine the device preparation times,
wherein at least one of the devices (13, 15)
comprises:

a firstmodule (25) configured toacquire and
transmit first input data (49),
at least a second module (27) configured to
acquire and transmit at least second input
data (51),
an IO bus link (53), configured to receive
and serialize the first input data (49) and/or
the second input data (51) transmitted by
the first module (25) and/or the second
module (27), and
a field bus interface (55), configured to
transmit the device data (29, 31) of the least
one of the devices (13, 15) on the field bus
(21), wherein the serialized input data (49,
51) form a part of the device data (29, 31) of
the at least one of the devices (13, 15),
wherein the first module (25) is configured
to have the first input data (49) ready for
transmission after a first module sample
time,
wherein the second module (27) is config-

ured to have the second input data (51)
ready for transmission after a second mod-
ule sample time,
wherein the module sample times are dif-
ferent, and
wherein the scheduling unit (23) is config-
ured todetermine themodule sample times,
wherein the first module (25) comprises a
first sensor and the second module (27)
comprises a second sensor, wherein the
first module (25) is configured to sample a
first sensor signal of the first sensor to ac-
quire the first input data (49), and wherein
the second module (27) is configured to
sample a second sensor signal of the sec-
ond sensor to acquire the second input data
(51),
wherein the controller (17) is configured to
compute and transmit first output data (41)
based on the transmitted first device data
(29) and/or second output data (43) based
on the transmitted second device data (31),
wherein the controller (17) is configured to
have the first output data (41) ready for
transmission after a first output data com-
putation time and/or the second output data
(43) ready for transmission after a second
output data computation time,
wherein the output data computation times
are different, and
wherein the scheduling unit (23) is config-
ured to determine the output data computa-
tion times,
wherein the first target equipment (19) is
configured to be controlled by applying the
transmitted first output data (41) and/or the
transmitted second output data (43),
wherein the first target equipment (19) is
configured to have the first output data (41)
appliedafterafirst outputdataapplying time
and/or the second output data (43) applied
after a second output data applying time,
wherein the output data applying times are
different, and
wherein the scheduling unit (23) is config-
ured to determine the output data applying
times,
wherein the scheduling unit (23) is config-
ured to schedule the transmission of the
device data (29, 31) in the order of the
module sample times, the device prepara-
tion times, the output data computation
times, and/or the output data applying
times, and/or
wherein the scheduling unit (23) is config-
ured to schedule the transmission of the
input data (49, 51) to the IO bus link (53)
in the order of themodule sample times, the
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device preparation times, the output data
computation times, and/or the output data
applying times, and/or wherein the schedul-
ing unit (23) is configured to schedule the
computation of the output data (41, 43), and
in particular the transmission of the output
data (41, 43) on the field bus (21), in the
order of the module sample times,
the device preparation times, the output
data computation times, and/or the output
data applying times.

2. The field bus system (11) of claim 1,
wherein the scheduling unit (23) comprises a mem-
ory component on which the impact parameters are
stored, in particular by the manufacturer, and/or
wherein the scheduling unit (23) is configured such
that the impact parameters can be defined during
commissioningof thebussystem(11), and/orwhere-
in the scheduling unit (23) is configured to obtain the
impact parameters from the first device (13), the at
least second device (15), the controller (17), the first
target equipment (19), and/or the field bus (21),
and/or wherein the scheduling unit (23) is configured
toderive the impact parameters fromamathematical
model of the bus system (11).

3. The field bus system (11) of claim 1 or 2,
wherein the impact parameters comprise informa-
tion about the first device (13), the second device
(15), the controller (17), in particular about an output
data computation time of the controller (17), the first
target equipment (19), the field bus (21), and/or
information on travel times and/or transmission
speeds of the bus system (11).

4. The field bus system (11) of claim 1,

wherein the scheduling unit (23) is configured to
schedule the transmission of the output data
(41, 43) on the field bus (21) upon computation
of all output data (41, 43), or
wherein the scheduling unit (23) is configured to
schedule the transmissionof the first output data
(41) on the field bus (21) upon computation of
the first output data (41), in particular before
computation of the second output data (43),
and/or
wherein the scheduling unit (23) is configured to
schedule the computation of the first output data
(41), and inparticular the transmissionof thefirst
output data (41) on the field bus (21), even if not
yet having received the complete second input
data (51).

5. The field bus system (11) of any one of the preceding
claims,
wherein the scheduling unit (23) is configured to

schedule the execution of the application in a cycli-
cally repetitive manner.

6. The field bus system (11) of any one of the preceding
claims,
wherein the controller (17) comprises the scheduling
unit (23).

7. The field bus system (11) of any one of the preceding
claims,
wherein the controller (17) is configured to sequen-
tially compute the output data (41, 43) from the
device data (29, 31).

8. The field bus system (11) of any one of the preceding
claims,

wherein the field bus system (11) comprises at
least a data forwarder,
wherein the data forwarder is configured to
transmit the beginning of a data block even
though it has not yet received the end of the
data block.

9. Amethod for scheduling an execution of at least one
application, in particular for industrial automation, on
a field bus system (11), the field bus system (11)
comprising:

a first device (13), in particular a first sensing
device, configured to provide and transmit first
device data (29),
at least a second device (15), in particular a
second sensing device, configured to provide
and transmit second device data (31),
a controller (17) configured to compute output
data (41, 43) from the device data (29, 31),
at least a first target equipment (19) configured
to be controlled by the output data (41, 43),
a field bus (21), in particular a Sercos bus, and
a scheduling unit (23) for scheduling the execu-
tion of the application,
wherein the devices (13, 15), the controller (17)
and the first target equipment (19) are con-
nected via the field bus (21) for communication
with the scheduling unit (23),
wherein the method comprises the following
steps performed by the scheduling unit (23):

determining impact parameters which im-
pact anapplication response timeof the bus
system (11), and
scheduling the execution considering the
impact parameters,
wherein the first device (13) is configured to
provide the first device data (29) ready for
transmission after a first device preparation
time,
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wherein the second device (15) is config-
ured to provide the second device data (31)
ready for transmission after a second de-
vice preparation time,
wherein the device preparation times are
different, and
wherein the scheduling unit (23) is config-
ured to determine the device preparation
times,
wherein at least one of the devices (13, 15)
comprises:

afirstmodule (25) configured toacquire
and transmit first input data (49), at
least a second module (27) configured
to acquire and transmit at least second
input data (51),
an IO bus link (53), configured to re-
ceive and serialize the first input data
(49) and/or the second input data (51)
transmitted by the first module (25) an-
d/or the second module (27), and
a field bus interface (55), configured to
transmit the device data (29, 31) of the
least one of the devices (13, 15) on the
field bus (21), wherein the serialized
input data (49, 51) form a part of the
device data (29, 31) of the at least one
of the devices (13, 15),
wherein the first module (25) is config-
ured to have the first input data (49)
ready for transmission after a first mod-
ule sample time,
wherein the secondmodule (27) is con-
figured to have the second input data
(51) ready for transmission after a sec-
ond module sample time,
wherein the module sample times are
different, and
wherein the scheduling unit (23) is con-
figured to determine the module sam-
ple times,
wherein thefirstmodule (25) comprises
a first sensor and the second module
(27) comprises a second sensor,
wherein the first module (25) is config-
ured to sample a first sensor signal of
the first sensor to acquire the first input
data (49), and wherein the second
module (27) is configured to sample a
second sensor signal of the second
sensor to acquire the second input data
(51),
wherein the controller (17) is config-
ured to compute and transmit first out-
put data (41) based on the transmitted
first device data (29) and/or second
output data (43) based on the trans-

mitted second device data (31),
wherein the controller (17) is config-
ured to have the first output data (41)
ready for transmission after a first out-
put data computation time and/or the
secondoutput data (43) ready for trans-
mission after a second output data
computation time,
wherein the output data computation
times are different, and
wherein the scheduling unit (23) is con-
figured to determine the output data
computation times,
wherein the first target equipment (19)
is configured to be controlled by apply-
ing the transmitted first output data (41)
and/or the transmitted second output
data (43),
wherein the first target equipment (19)
is configured to have the first output
data (41)appliedafterafirst outputdata
applying time and/or the second output
data (43) applied after a second output
data applying time,
wherein the output data applying times
are different, and
wherein the scheduling unit (23) is con-
figured to determine the output data
applying times,
wherein the scheduling unit (23) is con-
figured to schedule the transmission of
the device data (29, 31) in the order of
the module sample times, the device
preparation times, the output data com-
putation times, and/or the output data
applying times, and/or
wherein the scheduling unit (23) is con-
figured to schedule the transmission of
the input data (49, 51) to the IO bus link
(53) in the order of the module sample
times, the device preparation times, the
output data computation times, and/or
the output data applying times, and/or
wherein the scheduling unit (23) is con-
figured to schedule the computation of
the output data (41, 43), and in particu-
lar the transmission of the output data
(41, 43) on the field bus (21), in the
order of the module sample times,
the device preparation times, the out-
put data computation times, and/or the
output data applying times.
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